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1.  Project  Summary 

1.1  Abstract 

The  objective  of  this  project  was  to  develop  an  automated  planning  and  control  system  in  the  GD 
NASSCO  Pipe  Shop  that  enabled  the  efficient  handling  of  pipe  spool  fabrication  in  a  flexible 
manufacturing  environment.  The  solution  to  improved  efficiency  in  Pipe  Shop  operations  was  to 
implement  an  automated  pipe  spool  planning  process  that  had  the  ability  to  apply  defined  rules  for  pipe 
part  routing  and  nesting,  but  could  accept  late  input  changes  to  the  work  plans  to  accommodate  emerging 
schedule  changes  and  shop  level  loading  requirements.  This  process  would  include  a  dynamic  pipe 
nesting  component. 

The  project  plan  included  a  benchmarking  analysis  of  pipe  spool  fabrication  practices  and  software 
applications  at  a  major  international  shipyard  known  to  have  successfully  implemented  dynamic  nesting 
of  pipe.  A  detailed  specification  and  production  implementation  plan  was  then  prepared,  followed  by 
application  development,  testing  and  a  pilot  implementation  on  NASSCO’s  T-AKE  Program. 

The  return  on  investment  for  this  project  is  defined  by  three  production  goals;  scrap  rate  reduction, 
reduced  cost  of  pipe  nesting  and  work  planning,  and  increased  efficiency  in  pipe  spool  fabrication.  The 
total  cost  avoidance  over  a  five  year  period  is  projected  to  be  $5.5M  with  a  calculated  Present  Value 
Return  on  hi  vestment  of  9.5:1. 

1.2  Problem  Statement  /  Project  Objective 

The  shipbuilding  industry  has  unique  characteristics  compared  to  other  manufacturing  industries.  A 
production  contract  is  typically  for  one  or  a  few  ships  of  a  class.  Further,  a  single  ship  design  is  composed 
of  tens  of  thousands  of  unique  parts  and  assemblies.  This,  naturally,  makes  it  difficult  to  implement 
modern  manufacturing  methodologies  which  have  been  proven  in  other  industries  that  utilize  standard 
parts  and  work  content  (assembly  lines).  With  a  typical  ship  production  program’s  “one-off’  nature  and 
relatively  short  delivery  time,  Engineering  and  Production  proceed  concurrently  at  the  first-of-class.  The 
detailed  planning  process  is  affected  by  this  highly  dynamic  environment,  making  it  difficult  to  maximize 
the  efficiency  of  the  production  flow  and  sequencing  of  interim  products.  This  is  a  principle  source  of  low 
material  utilization,  high  inventoiy  and  work-in-progress  in  the  shipbuilding  industry. 

As  shipyards  struggle  to  improve  efficiencies  in  their  fabrication  processes,  especially  pipe  fabrication, 
they  naturally  gravitate  to  more  automated  fabrication  machines  and  processes;  such  as  CNC  saws, 
cutters,  automated  fitting  and  welding  machines,  CNC  benders,  etc.  Any  shipyard  that  has  invested  in 
this  type  of  equipment  has  found,  as  a  consequence  of  their  automation  implementation,  that  their 
traditional  planning  and  routing  procedures  were  insufficient  to  optimize  the  highly  linked  processing 
flow  through  the  automated  work  centers  and  the  remaining  manual  stations.  This  is  due  to  the  fact  that, 
in  shipbuilding,  workstation  planning  cannot  be  optimized  around  the  standard  part  approach  (as  in  other 
industries),  but  must  be  performed  by  attribute-driven  work  content.  Planning  and  routing  decisions 
must  take  into  account  the  variables  of  individual  process  times,  work  station  capacities,  emerging 
engineering  design  and  schedule  changes  and  shop  level  loading  considerations.  Traditional  planning 
methods  can  not  handle  these  variables  effectively  and  are  themselves  labor  intensive  and  not  sufficiently 
responsive  to  the  dynamic  nature  of  the  shipbuilding  environment. 

In  the  typical  current  planning  process,  the  MRP  scheduling  system  creates  future  orders  for  pipe  spools 
based  on  required  dates  without  consideration  for  shop  level  loading.  Pipe  spools  are  composed  of  cut 
and  bent  pipe  parts,  various  valves,  and  fittings.  These  spools,  which  have  differing  work  content,  are 
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offset  by  standard  production  lead  times  and  a  planned  dispatch  report,  by  start  date,  is  generated. 
Planners  use  this  planned  dispatch  report  to  release  orders  for  production  based  on  actual  “on-hand” 
material  availability.  Pipe  spool  orders  are  released  to  the  shop  a  number  of  weeks  in  advance  of 
required  need  dates  in  an  attempt  to  achieve  level  loading  of  the  shop  to  match  capacity  with  demand.  As 
a  result,  the  pipe  parts  are  not  systematically  nested  to  achieve  the  most  efficient  use  of  raw  stock  or 
optimum  cutting  and  bending  machine  utilization. 

This  has  resulted  in  excessive  unused  remnant  pipe,  excessive  work  in  progress,  excess  inventory,  and 
inflexible  responses  to  emerging  engineering  and  production  schedule  changes.  The  result  is: 

•  Inefficient  grouping  of  parts  based  on  their  routing  in  the  shop 

•  High  inventory' 

•  Higher  storage  and  material  handling  cost 

•  Loss  or  damage  of  stored  spools 

•  Inability  to  optimize  hull  construction  strategy  and  schedule 

•  High  materia]  scrap  rate 

This  produces  significant  cost  impacts  to  material  and  labor.  It  was,  therefore,  necessary  to  develop  and 
implement  another  approach  which  mitigates  the  above  problems. 

The  objective  of  this  project  was  to  develop  an  automated  planning  and  control  system  for  the  Pipe  Shop 
that  enabled  the  efficient  handling  of  pipe  spool  fabrication  in  a  flexible  manufacturing  environment.  The 
solution  to  improved  efficiency  in  Pipe  Shop  operations  was  to  implement  a  pipe  spool  planning  process 
that  had  the  ability  to  apply  defined  rules  for  pipe  part  routing  and  nesting,  but  could  accept  late  input 
changes  to  the  work  plans  to  accommodate  emerging  schedule  changes  and  shop  level  loading 
requirements.  This  process  would  include  a  dynamic  pipe  nesting  component. 

The  project  plan  included  a  benchmarking  analysis  of  pipe  spool  fabrication  practices  and  software 
applications  at  a  major  international  shipyard  known  to  have  successfully  implemented  dynamic  nesting 
of  pipe.  A  detailed  specification  and  production  implementation  plan  was  then  prepared,  followed  by 
application  development,  testing  and  a  pilot  implementation  on  NASSCO’s  T-AKE  Program. 

The  return  on  investment  for  this  project  is  defined  by  three  production  goals;  scrap  rate  reduction, 
reduced  cost  of  pipe  nesting  and  work  planning,  and  increased  efficiency  in  pipe  spool  fabrication.  The 
total  cost  avoidance  over  a  five  year  period  is  projected  to  be  $5.5M  with  a  calculated  Present  Value 
Return  on  Investment  of  9.5 : 1 . 

1.3  Technical  Approach 

Three  system  options  were  initially  under  consideration  for  development  and  implementation.  These 
three  options  differed,  primarily,  by  the  degree  to  which  they  were  linked  to  GD  NASSCO’s  legacy  MRP 
scheduling  system  (MACPAC)  and  our  Product  Modeling  system  (TRIBON). 

The  first  task  in  the  project  was  to  perform  an  evaluation  of  a  successfully  employed  dynamic  pipe 
nesting  system  at  a  world  class  shipyard  to  determine  the  applicability  of  such  a  strategy  at  NASSCO. 
We  found  such  a  system  at  Kawasaki  Heavy  Industries’  shipyard  in  Sakaide,  Japan.  Through 
collaboration  on  past  projects,  GD  NASSCO  had  developed  a  working  relationship  with  the  Kawasaki 
Shipbuilding  Corporation.  Due  to  the  ties  between  these  two  companies,  a  team  of  seven  people  from  GD 
NASSCO  was  able  to  evaluate  the  material  control  software  used  at  the  Sakaide  yard.  The  team, 
consisting  of  managers  and  technical  resources  from  Production,  Information  Systems,  Business  Systems, 
Production  Engineering,  and  Manufacturing  Technology,  spent  four  days  at  the  shipyard.  The  target 
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shipyard’s  contract  environment,  scheduling  constraints,  production  control  resources  and  control  systems 
were  examined  and  a  detailed  definition  of  the  yard’s  automated  nesting  process  was  prepared.  This 
information  was  used  to  compare  with  NASSCO’s  operating  factors  and  our  concepts  for  the  three  system 
options  that  were  under  consideration  at  the  time.  From  this  comparison,  a  feasibility  analysis  was 
performed  that  determined  what  operating  processes  and  systems  needed  to  be  altered  in  order  to  enable 
implementation  of  an  automated  pipe  spool  fabrication  planning  environment. 

The  functional  requirements  for  the  three  system  options  and  the  reasoning  for  the  final  option  selection 
are  contained  in  the  Feasibility  Analysis  Report  (Reference  1).  A  detailed  account  of  the  benchmarking 
and  evaluation  activities  is  also  included  in  the  Feasibility  Analysis  Report. 

The  next  step  was  to  develop  a  detailed  application  specification  for  the  proposed  system,  which  was 
named  the  “Pipe  Shop  Management  System”  (PSMS).  This  specification  was  utilized  to  build  the 
applications  necessary  to  implement  the  automated,  dynamic,  work  flow  planning  and  pipe  nesting 
process.  The  Design  Specification  (Reference  2)  details  all  relevant  aspects  of  the  system  including: 

•  Business  process  changes 

•  Definition  of  functional  boundaries  between  the  Product  Modeling,  MRP,  and  PSMS  Systems 

•  Data  flow  requirements  between  TRIBON,  MACPAC,  and  PSMS  systems 

•  Detailed  specifications  for  system  functions 

•  Specifications  for  operator  interfaces,  screens,  reports  and  tables 

The  initial  Production  Implementation  Plan  was  developed  at  this  time  and  was  included  in  the  Design 
Specification. 

Software  application  design,  coding  and  verification  testing  followed.  Interfaces,  database  design  and 
operational  procedures  were  all  extensively  tested,  validated  and  documented  before  the  project  team 
committed  to  rolling  out  the  new  system  into  the  Pipe  Shop  production  operations.  Production  pilot 
application  of  the  new  process  commenced  in  September  2008.  Production  performance  data  collection 
and  analysis  of  results  has  been  performed  over  the  last  five  months.  The  performance  improvement 
results  are  reported  in  Section  1.4;  which  constitutes  Deliverable  4.1  -  Implementation  Pilot  Report. 

During  the  course  of  this  project,  GD  NASSCO  also  documented  the  performance  results  and  lessons 
learned  from  NASSCO’s  internally  funded  lot-based  plate  nesting  project.  Although  not  intrinsically  part 
of  the  PSMS  project  task  plan,  the  lessons  learned  from  this  separate  project  were  known  to  be  of  interest 
and  value  to  the  U.S.  Shipbuilding  industry,  so  a  report  was  prepared  and  delivered  as  a  Cost  Share 
activity.  This  report  (Reference  3)  documents  the  performance  improvements  realized  from 
implementation  of  lot-based  nesting  for  plate  parts. 


1.3.1  PSMS  Operations  Summary 

The  system,  as  implemented,  is  built  on  a  Windows/PC  platfonn  with  its  own  Oracle  database. 
Computational  functions  were  built  in  Oracle  and  written  in  C#.  The  User  interfaces  and  reporting 
functions  were  built  in  Excel  and  written  in  VBA.  System  functions  include  a  number  of  automated  tasks 
as  follows: 

Automated  System  Functions: 

•  Extracts  and  processes  spool  design  data  (from  TRIBON  product  model) 

•  Extracts  and  processes  schedule  and  routing  data  (from  MACPAC) 
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•  Organizes,  and  maintains  spool  data  within  its  own  database 

•  Audits  the  material  inventory  (in  MACPAC)  to  determine  material  availability  and  to  control  the 
release  of  work 

•  Updates  and  prepares  production  demand  data  for  shop  loading  of  work 

•  Performs  automated  pipe  nesting  and  creation  of  production  processing  files 

•  Performs  material  status  updating  to  MACPAC  (for  raw  stock  usage) 

•  Maintains  an  independent  remnant  management  and  control 

Figure  1  shows  the  home  user  access  screen  for  the  PSMS.  All  functions  are  contained  within  the  four 
main  functional  areas  shown,  and  each  is  explained  below. 


Figure  1:  PSMS  Home  Screen 


Work  Flow  Planning 


This  module  incorporates  ail  the  functionality  to  plan  the  work  load  for  any  future  week  (typically  two 
weeks  prior  to  the  start  of  fabrication  in  the  case  of  the  pipe  shop).  Work  can  either  be  planned  manually 
where  the  planner  is  able  to  move  spool  production  dates  around  at  will  or  automatically  through 
programmed  algorithms.  The  algorithms  are  set  up  to  determine  the  number  and  type  of  spools  to  build  in 
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the  planned  week.  The  number  of  spools  is  determined  through  an  averaging  process.  The  types  of 
spools  are  determined  by  work-content- based  families  that  were  developed  as  part  of  this  project.  A 
portion  of  the  family  tree  is  shown  in  Figure  2. 


Family 

Code 


Numbers 


Figure  2:  A  Portion  of  the  Pipe  Fabrication  Code  Tree 


Figures  3  and  4  show  an  example  of  the  automatic  planning  process  at  the  weekly  level  to  determine  the 
number  and  types  of  spools  to  build  in  the  plan  week.  Notice  that  the  quantities  of  the  individual  spool 
family  types  have  been  leveled  as  well  as  the  total  quantities.  This  evens  out  the  work  content  through  the 
shop  over  the  eight  weeks.  Figures  5  and  6  show  the  same  process  occurring  for  the  days  of  the  plan 
week  as  well.  Notice  in  Figure  5  that  a  small  number  of  spools  were  moved  into  the  plan  week  from  the 
following  week  to  achieve  the  level  load  quantity.  Figures  5  and  6  also  show  the  Excel  user  interface 
where  the  planner  is  able  to  make  adjustments  manually  before  saving  the  plan  as  a  scenario. 
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Figure  3:  Display  of  Original  Load  over  Eight  Weeks 
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Figure  4:  Display  of  Load  after  PSMS  Automatic  Planning 
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Figure  5:  Work  Flow  Screen  Shot  -  Original  Load  Shown  in  the  Excel  User  Interface 
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The  planner  is  able  to  create  multiple  scenarios  for  each  plan  week;  however,  only  one  scenario  can  be 
selected  as  the  final  plan  to  be  prepared  for  production. 

Pipe  Spool  Nesting 

This  module  contains  all  the  functionality  to  nest  a  scenario  created  in  the  Work  Flow  Planning  Module. 
Figure  7  shows  the  results  for  a  nested  scenario. 
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Figure  7:  Nesting  Module  Screen  Shot  -  Results  and  Statistics  Displayed  after  Auto  Nesting  Process 


After  selecting  a  scenario,  the  planner  chooses  how  to  nest  the  parts  -  daily,  half  ranges,  or  full  range. 
The  daily  option  limits  the  pool  of  parts  to  nest  together  to  only  those  spools  with  the  same  stall  date. 
This  option  ensures  that  the  nests  created  for  each  day  of  the  week  are  only  comprised  of  parts  with  start 
dates  of  that  day.  The  daily  option  limits  that  amount  of  work  in  process  (WIP)  created,  however,  it 
typically  increases  scrap  because  the  pool  of  parts  available  to  fill  out  a  raw  stock  is  limited  to  only  those 
spools  with  start  dates  of  that  day.  The  full  range  option  allows  spools  anywhere  within  the  week  to  be 
nested  together,  as  long  as  the  new  start  is  earlier  or  equal  to  the  planned  start.  The  advantage  and 
disadvantage  to  this  option  is  the  converse  of  the  daily.  Scrap  is  typically  lower;  however,  WIP  will 
increase  since  some  parts  may  be  built  earlier  to  fill  out  a  raw  stock.  The  Half  Range  option  is  in  between 
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with  Monday  through  Wednesday  comprising  a  pool  of  parts  to  be  nested  together,  and  Thursday  through 
Friday  making  up  the  balance.  During  the  nesting  process,  the  inventory  is  checked  to  determine 
availability.  If  the  all  components  of  the  spool  are  available,  the  pipe  part  continues  with  the  next  step  of 
the  process.  If  a  component  is  unavailable,  the  spool  is  not  nested.  A  report  is  available  at  the  end  of  the 
nesting  process  to  indicate  the  spools  not  nested  and  the  unavailable  material. 

Nesting  is  controlled  by  programming  logic  that,  in  some  cases,  forces  certain  results,  and  in  others, 
favors  certain  outcomes.  The  logic  requires  that  pipe  parts  be  of  the  same  material  as  the  raw  stock  before 
being  nested.  It  also  requires  that  parts  that  go  to  the  bending  machine  are  nested  only  with  other  parts 
that  are  bent,  and  parts  that  are  not  bent  are  nested  with  other  straight  parts.  Other  logic  then  fills  out  the 
nest  by  favoring  the  spools  with  the  earliest  start  date  which  minimizes  spools  starting  late,  by  favoring 
the  placement  of  the  largest  part  on  the  shortest  piece  of  raw  material  or  remnant  which  minimizes  scrap, 
and  by  choosing  to  use  remnant  when  available  rather  than  a  full  size  raw  stock  pipe  which  minimizes 
stored  remnant  inventory. 

In  addition  to  providing  a  list  of  material  shortages  at  the  end  of  the  nesting  process,  the  PSMS  displays 
statistics  on  number  of  spools  nested,  the  nesting  efficiency  (how  well  the  raw  stock  was  filled  up),  and 
the  scrap  rate  (how  much  left  over  material  was  generated).  The  planner  is  able  to  use  this  information  to 
make  a  decision  to  nest  the  spools  as  planned,  wait  for  unavailable  material  to  become  available,  or 
perform  the  nesting  of  a  different  scenario,  possibly  leading  to  a  better  result.  If  the  planner  decides  to 
use  the  nests  generated  by  the  PSMS,  the  “Approve  Nests  and  Create  SIFs”  button  is  clicked.  This  action 
results  in: 

1.  Removing  all  other  scenarios  with  the  same  plan  week  and  work  center  from  the  PSMS.  This 
prevents  scenario  configuration  control  errors. 

2.  Marks  all  spools  in  the  scenario  as  nested.  Preventing  them  from  being  included  in  later  planning 
and  nesting  processes. 

3.  Creates  the  System  Interface  Files  (SIFs)  that  update  the  spools  status  and  obligates  the  material 
in  MACPAC  overnight. 

4.  Prepares  the  production  information  for  printing. 

Shop  cards  used  in  kitting  the  material  and  tracking  the  progress  of  the  spool  through  the  shop,  spool 
sheets  used  to  build  the  spool,  and  metal  tags  to  identify  the  spool,  are  printed  overnight.  In  the  morning 
these  products  are  gather  together  and  assembled  into  work  packages  defined  by  the  PSMS  to  be 
distributed  to  the  shop  floor  on  the  start  date  of  production. 
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Data  Maintenance 


While  this  module  contains  a  number  of  configuration  control  and  reporting  features,  there  are  two 
functions  which  are  of  primary  importance  to  the  planners.  Figure  8  displays  the  Data  Maintenance 
Module  user  access  screen. 


Figure  8:  Data  Maintenance  Screen  Shot  -  Configuration  Control,  Data  and  Statistics  Functions 


In  order  to  monitor  change  in  the  PSMS,  the  planners  download  a  report  detailing  changes  and  errors 
affecting  PSMS  data.  This  report  is  downloaded  prior  to  the  planning  process  and  used  to  indicate  future 
issues,  highlight  issues  with  currently  planned  spools,  or  to  make  the  decision  to  delay  the  planning 
process  until  specific  problems  can  be  resolved.  The  “Download/Upload  Reports”  access  screen  is  shown 
in  Figure  9.  An  example  of  the  “Spool  Order  Download  Changes”  report  is  shown  in  Figure  1 0. 
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Figure  9:  Download/Upload  Reports  access  screen 
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Figure  10:  Example  Spool  Order  Download  Changes  report  indicating  issues  with  specific  spools 
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The  second  feature  in  Data  Maintenance  that  is  of  significance  to  the  planners  is  remnant  control.  Figure 
1 1  displays  an  example  of  the  data  contained  in,  and  accessible  to,  the  planners  for  managing  pipe 
remnant  material. 
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Figure  1 1 :  Remnant  Control  Screen  Shot  -  displays  remnant  inventory  in  PSMS  database 

This  module  contains  the  inventory  and  availability  status  of  all  the  remnant  material  in  the  pipe  shop. 
Planners  are  able  to  view  the  material  available  to  the  PSMS  for  nesting,  and  more  importantly,  material 
available  for  uses  outside  of  the  nesting  process.  If  a  piece  of  remnant  material  is  required  for  a  need 
outside  of  nesting,  the  planner  can  delete  the  piece  from  availability  to  the  nesting  process  of  the  PSMS. 


(13) 

Approved  for  public  release;  distribution  is  unlimited, 


Production  Information 


The  production  of  pipe  spools  is  controlled  using  lists  generated  by  the  Production  Information  Module  of 
the  PSMS. 
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Figure  12:  Production  Information  User  Access  Screen 

As  depicted  in  Figure  12,  the  planner  is  able  to  display  and  print  the  necessary  lists  in  Microsoft  Excel  by 
selecting  the  list,  a  work  package  name,  and  work  center.  The  lists  required  to  control  production  on  the 
shop  floor  include: 

1.  Spool  Sequence  List  -  An  example  sequence  list  is  shown  in  Figure  13.  This  list  is  used  by  the 
planners  to  order  the  spool  shop  cards  and  spool  sheets  of  a  work  package  in  a  fashion  that 
corresponds  with  their  order  of  appearance  on  the  cut/bend  lists  (described  later).  The  alpha¬ 
numeric  information  shown  in  the  sequence  number  column  indicates  whether  this  spool  is  part  of 
a  bend  list  (B)  or  cut  straight  part  list  (C),  and  the  line  item  number  of  the  first  instance  that  the 
spool  number  appears  on  the  list  (a  spool  can  have  several  pipe  parts  occurring  throughout  the  cut 
and  bend  lists.).  In  addition,  spool  sheet  revisions  and  paint  codes  are  shown  on  the  report.  If  the 
revision  or  paint  code  is  changed  for  a  particular  spool  by  Engineering,  it  shows  up  on  the 
sequence  list  as  a  blank  cell.  This  prompts  the  planners  to  take  the  necessary  action  to  update 
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MACPAC  with  the  current  information.  This  addition  to  the  sequence  list  has  saved  hundreds  of 
man-hours,  since  only  the  exceptions  have  to  be  handled.  In  the  previous  system,  without  this 
list,  every  spool  was  checked  to  ensure  the  exceptions  were  caught. 

2.  Spool  Sheet  Labels  -  An  example  of  the  spool  sheet  labels  is  shown  in  Figure  14.  These  labels 
are  affixed  to  the  spool  sheets  and  include  order  number,  work  center  information,  start  date,  and 
the  cut/bend  list  line  item  numbers  of  the  parts  on  the  spool.  The  labels  are  used  to  order  the 
spool  sheets  in  accordance  to  the  cut/bend  lists  should  they  get  out  of  order  on  the  shop  floor. 

3.  Cut  and  Bend  Lists  -  These  lists  are  used  by  the  saw  and  bend  machine  operators  to  sequence 
production.  The  lists,  with  their  associated  shop  cards  and  spool  sheets  are  distributed  to  the 
appropriate  work  centers.  As  depicted  in  Figure  15,  these  lists  provide  the  machine  operators 
with  all  of  the  relevant  information  they  need  to  perform  their  work  efficiently,  including: 

•  type  and  length  of  raw  pipe  material  used  for  the  nest 

•  spool  order  number,  hull  number,  part  number 

•  family  number 

•  start  dates 

•  required  length  of  part 

•  pipe  end  prep  codes  used  for  routing  of  parts 

•  amount  of  pipe  left  over  after  processing  the  nest 

•  line  items  of  the  other  pipe  parts  in  the  spool 

Each  un-shaded  line  is  the  first  part  on  a  nest,  while  the  following  shaded  line  items  are  the 
additional  parts  on  the  nest.  The  lists  are  sorted  by  nest  start  date  in  ascending  order  so  the 
operator  is  able  to  perform  the  work  in  start  date  order.  As  each  nest  is  processed,  the  operator 
initials  the  list  to  indicate  its  completion.  This  action  adds  transparency  to  the  fabrication 
process.  The  shop  management  is  able  to  instantly  see  where  each  operator  is  in  their  production 
requirements. 

1.3.2  Updating  of  PSMS  Software 

It  was  anticipated  that  changes  to  the  PSMS  software  would  be  made  as  the  system  evolved  to  include 
new  functionality  and  as  fiirther  refinements  to  the  planning  and  nesting  algorithms  were  developed. 
While  many  of  the  changes  are  handled  through  the  configuration  control  parameters  in  the  Data 
Maintenance  Module,  some  changes  are  required  to  be  done  within  the  programming  itself.  To  facilitate 
updating  of  the  code,  the  system  architecture  was  set  up  to  have  the  version  of  the  software  checked  each 
time  a  user  logs  into  the  system.  If  a  newer  version  exists,  the  new  version  is  automatically  downloaded 
at  that  time.  This  was  a  departure  from  the  previous  process  which  required:  contacting  the  users, 
indicating  a  new  version  would  be  downloaded,  contacting  the  Information  Systems  department  to 
schedule  a  time  to  download  the  new  version,  and  then  performing  a  local  installation  on  each  of  the 
users’  computers.  This  simple  change  cut  days  of  delay  out  of  the  updating  process  and  will  become  the 
model  for  future  software  development  within  the  company. 
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1.4  Results 


The  performance  of  the  PSMS  has  exceeded  initial  expectations  by  not  only  planning  and  nesting  the 
work  as  expected,  but  accomplishing  it  significantly  faster  and  more  accurately  than  the  users  had  known 
in  the  previous,  manual  process.  NASSCO  has  documented  performance  benefits  enabled  by  the  PSMS 
implementation  in  the  following  areas: 

1)  Reduced  labor  and  duration  to  perform  spool  release  ~  $44K/yr 

Automation  of  this  process  has  proven  to  be  a  significant  recurring  labor  savings.  The  span  time  to 
release  (the  typical)  380  orders  for  one  spool  assembly  work  center  dropped  from  8  hrs  to  30  minutes. 
More  significantly,  the  span  time  to  release  the  historical  peak  quantity  of  work  orders  (~1 800)  for  all 
three  major  Pipe  Shop  work  centers  is  now  only  45  minutes.  Pipe  Shop  planners  would  previously 
take  40  hours  to  release  this  quantity  of  orders  to  the  shop. 

"What  used  to  take  us  a  whole  week  now  gets  done  in  a  day-and-a-half.  ”  -  Planner,  pipe  shop 

2)  Reduced  scrap  and  remnant  ~  $1000K/yr 

Data  collected  over  the  first  ten  weeks  of  auto  nesting  has  shown  a  reduction  of  scrap  generation  of 
approximately  1 5%  from  the  previous  production  history.  In  addition  to  the  reduction  in  scrap,  there 
has  been  a  significant  reduction  in  pipe  remnant  turnover  time.  This  is  a  direct  consequence  of  the 
PSMS’s  ability  to  identify  remnant  creation,  keep  track  of  it  in  its  database,  and  to  specify  its  use  for 
nesting. 

“This  is  the  first  time  that  the  remnant  storage  has  been  empty.  ”  -  Operator,  bending  machine 

3)  Increased  Efficiency  ~  $3 OOK/yr 

The  comparison  of  labor  hours  required  to  produce  spools  over  different  periods  of  time  is  made 
difficult  by  the  highly  variable  nature  of  the  work  content  of  spools  as  the  different  ship  piping 
systems  are  scheduled  through  the  shop.  Despite  this,  comparison  of  labor  efficiencies  over  the  past 
year  to  the  initial  data  from  the  last  three  months  indicates  a  6%  improvement  in  man-hours  per  spool. 
Additionally,  in  this  same  period  of  time,  the  quantity  of  spools  that  were  “late-to-complete”  was 
reduced  by  56%.  This  is  a  substantial  reduction  in  this  key  metric  value  and  is  an  indicator  of  the 
eventual  total  cost  reduction  to  the  shipyard  by  reducing  production  delays  and  re-planning  at  the  later 
stages  of  construction. 

“This  is  the  first  time  that  the  late-to-completes  have  ever  been  this  low.  ”  -  Manager,  pipe  shop 

4)  Visibility  of  production  data  errors 

Since  the  implementation  of  the  PSMS  a  number  of  Product  model  /  production  information 
disagreements  have  been  caught  prior  to  build  by  the  shop  floor  personnel.  This  has  been  made 
possible  by  the  readily  available  and  easily  readable  design  data  displayed  in  the  Cut  and  Bend  lists 
provided  to  the  cutting  and  bending  machine  operators.  Since  the  data  in  these  lists  come  directly 
from  the  Product  Model  database,  they  now  have  the  ability  to  check  the  data  listed  on  the  spool 
sheets,  which  may  not  have  been  updated  with  the  latest  design  data.  This  results  in  the  cost 
avoidance  of  rework  on  these  spools. 

5)  Visibility  of  Production  Status 

As  discussed  Section  1.3.1,  the  Production  Information  Reports  provided  to  the  Pipe  Shop  planners, 
floor  supervisors  and  machine  operators  include  cross  references  from/to  all  spool  parts  of  their 
respective  spool  assemblies  and  the  associated  spool  assembly  order  numbers.  This  allows  the  Pipe 
Shop  to  process  the  pipe  parts  of  spools  in  parallel  with  an  improved  ability  to  track  the  status  of  all 
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pipe  parts  required  for  the  assembly.  The  result  is  a  reduction  in  span  times  to  fabricate  and  assemble 
spools. 

“We  now  have  a  better  idea  of  what  to  build  when.  ”  —  Saw  operator,  pipe  shop 

1.5  Conclusions 

The  Pipe  Shop  Management  System  developed  and  implemented  through  this  project  is  an 
unqualified  success  and  is  already  demonstrating  significant  performance  benefits  to  GD 
NASSCO’s  Pipe  Shop  operations.  These  benefits  will  continue  and  increase  with  further  use, 
applications  and  enhancements  to  the  system. 

The  success  of  this  project  demonstrates  the  value  to  U.S.  shipbuilders  and  their  customers  of  the 
research  and  development  program  managed  by  the  Center  of  Naval  Shipbuilding  Technology. 

2.  Accomplishments: 

•  The  system  concept  Feasibility  Analysis  Report  (Deliverable  1.0)  was  completed  and  delivered  in 
June  2006.  This  analysis  provided  a  detailed  summaiy  of  the  pre-existing  pipe  shop  operational 
control  system  and  two  distinctly  different  options  for  development  of  a  new,  highly  automated 
planning,  nesting  and  control  system.  The  Analysis  detailed  the  evaluation  of  each  option  and 
described  the  reasoning  behind  the  selection  of  the  option  that  the  project  team  proceeded  to  develop 
and  implement  in  the  NASSCO  Pipe  Shop. 

•  The  Functional  Requirements  Document  (Deliverable  1.0)  for  the  new  Pipe  Shop  Management 
System  (PSMS)  was  completed  in  June  2006.  The  functional  requirements  contained  in  this 
document  define  the  framework  for  system  design  work. 

•  Data  collection  and  cost  savings  analysis  for  lot-based  plate  nesting  implementation  at  NASSCO  was 
completed  in  November  2006.  The  technical  report,  Improved  Steel  Material  Flow  through  A  Lot 
Based  Concept  (Deliverable  5.0),  was  released  in  January  (2007). 

•  PSMS  detailed  design  was  completed  in  May  2007.  This  task  included  the  completion  of  the 
following  system  design  tasks: 

o  Detailed  decomposition  of  PSMS  system  functions.  This  level  of  detail  was  the  prerequisite  for 
completing  the  system  specification  and  final  system  design.  The  functional  decomposition  also 
identified,  by  department,  who  had  responsibility  for  design  and  development  of  each  individual 
function,  application,  interface,  and  database. 

o  Data  flow  charts  for  the  PSMS  application.  Completion  of  data  flow  requirements  enabled  the 
start  of  data  and  file  interface  specifications. 

o  Development  of  user  interfaces  (screens  designs,  output  table  designs,  reports,  etc.),  MRP  and 
design  model  data  extraction  specifications,  and  algorithm  specifications  for  the  automated 
Planning  and  Nesting  applications. 

•  The  PSMS  Software  Design  Report  (DeliverableJ.O)  was  completed  and  issued  in  May  2007. 

•  Production  implementation  of  the  PSMS  system  was  initiated  on  Sept  24,  2007.  Rollout  and 
expansion  of  its  use  in  all  major  pipe  spool  fabrication  work  centers  was  successfully  accomplished 
during  the  4’th  quarter.  The  PSMS  system  is  now  the  primary  planning  and  shop  floor  production 
control  tool  used  in  the  GD  NASSCO  Pipe  Shop. 
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Production  performance  improvements  have  been  validated,  initial  performance  improvements  were 
presented  to  the  U.S.  Shipbuilding  Industry  as  part  of  a  project  briefing  (Deliverable  4.2)  given  at  the 
NSRP  Joint  Panel  Meeting  held  in  New  Orleans  on  December  12,  2007. 


3.  Task  Status  and  Completed  Project  Schedule: 

The  following  is  a  detailed  discussion  of  the  project  Statement  of  Work  and  the  final  status  of  each  task. 

Task  1 .0)  Evaluate  Dynamic  Pipe  Nesting  Processes  Status:  Complete 

Task  1.1)  Project  kick-off  was  commenced  on  March  9,  2006  with  a  review  of  the  project  objectives 
and  task  plan  for  the  project  participants.  The  project  plan  called  for  the  identification  of  a  “target” 
shipyard  that  has  implemented  a  dynamic  pipe  nesting  and  process  control  system.  The  target  shipyard 
would  then  be  solicited  to  provide  the  team  with  an  opportunity  to  study  their  system  and  the 
manufacturing  environment  in  which  it  is  operating.  That  task  objective  was  accomplished  with 
confirmation  of  Kawasaki  Shipbuilding  Corporation’s  (KSC)  Sakaidi  shipyard  as  the  target  yard. 

Task  1.2)  Evaluation  of  Kawasaki  Shipbuilding  Corporation’s  pipe  shop  operations  and  K-MACS 
(Kawasaki  -  Material  Planning  and  Control  System)  was  accomplished  during  an  evaluation  trip 
conducted  on  May  8  -  12,  2006.  A  detailed  explanation  and  review  of  the  K-MACS  system  was 
obtained  from  KSC,  including  demonstrations  of  various  functions  and  observation  of  the  control 
aspects  in  their  pipe  shops.  A  description  of  KSC’s  K-MACS  system  is  contained  in  the  Feasibility 
Analysis  Report. 

Tasks  1.3)  The  definition  of  KSC’s  environment,  constraints,  resources  and  processes  was  made 
possible  by  the  evaluation  trip  in  May.  A  summary  of  the  most  important  of  these  parameters,  as  they 
apply  to  our  implementation  plans,  is  contained  in  the  Feasibility  Analysis  Report. 

Task  1.4)  Our  access  to  KSC  process  and  control  documentation  facilitated  the  project  team’s 
definition  of  KSC’s  dynamic  nesting  process.  More  importantly,  our  understanding  of  the  function  of 
dynamic  pipe  nesting  as  an  integral  part  of  a  comprehensive  material  planning  and  control  system  was 
formulated  by  our  evaluation  of  the  K-MACS  system.  This  understanding  was  a  key  factor  in  the 
project  team’s  development  of  functional  requirements  for  a  NASSCO  implemented  system. 

Task  1.5)  Differences  in  the  NASSCO  and  KSC  production  environments  were  identified  and  used  in 
our  determination  of  the  best  fit  of  system  functions,  degree  of  automation  and  integration,  and  in  our 
development  of  functional  requirements  for  a  NASSCO  implemented  system. 

Task  1.6)  The  Feasibility  Analysis  was  completed  and  documented  in  the  report  delivered  to  CNST  as 
Deliverable  1.  The  associated  Milestone  lwas  also  met  on  schedule.  The  specific  model  developed  by 
this  project  was  selected  by  the  project  team.  NASSCO’s  senior  level  Steering  Committee  was  briefed 
on  the  evaluation  process  and  the  resulting  recommendations  for  system  implementation.  The  Steering 
Committee  concurred  with  the  project  team’s  recommendations  and  authorized  the  design  and 
development  stages  of  the  project;  thus  meeting  the  Milestone  1  requirement. 
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Task  2.0)  Pipe  Nesting  Implementation  Planning 


Status:  Complete 


The  original  project  plan  referred  to  the  creation  of  an  Implementation  Plan  (Del  2.1).  It  was  supposed  to 
contain  the  following  information  (from  the  Project  Plan):  "Report  details  implementation  requirements 
and  specifications  of  the  selected  model  and  the  production  implementation  plan."  As  it  turned  out,  the 
project’s  first  deliverable  (Implementation  Feasibility  Analysis),  contained  the  information  regarding 
"requirements  and  specifications"  in  the  Appendices  of  that  document  and  the  Software  Design  Report 
(Del  3.0)  included  a  section  on  "implementation."  The  project  team,  PTR  and  CNST  considered  this 
deliverable  (Del  2.1)  satisfied  with  the  completion  of  Deliverables  I  and  3.  With  the  presentation  of  the 
project  plan  at  the  December  2006  NSRP  Joint  Panel  Meeting  in  Savannah,  all  requirements  for  Task  2 
were  satisfied. 

Task  3.0)  Pipe  Nesting  Application  Development  Status:  Complete 

Tasks  3.1)  System  design  and  coding  have  been  completed  for  the  functionality  and  features  that  are 
currently  implemented  in  the  PSMS.  Final  testing  of  the  data  upload/download  functions  was 
completed  in  September  2007.  Additional  functionality  and  features  were  added  during  the  pilot 
implementation  period  (Task  4),  as  required  to  support  the  recommendations  of  the  user  groups. 

Task  3.2)  The  planned  task  to  develop  a  new  part  identity  structure  in  NASSCO’s  Product  Modeling 
System  (Tribon)  was  determined  to  be  unnecessary.  After  review  of  system  data  and  file  format 
requirements  it  was  determined  that  we  could  avoid  restructuring  part  identity  data. 

Task  3.3)  Fabrication  routings  for  pipe  spools  were  identified  and  incorporated  into  the  logic  of  the 
“Spool  Family  Tree”  and  the  nomenclature  of  the  Capacity  Planning  module. 

Task  4.0)  Production  Implementation  Status:  Complete 

The  rollout  of  the  production  version  of  the  PSMS  began  on  Sept  24,  2007  with  the  first  use  of  the  new 
system  for  level  loading  and  nesting  of  small  bore  pipe  spool  fabrication  tasks  scheduled  for  week  41 
(week  of  Oct  8).  Medium  and  large  bore  spool  fabrication  followed  after  a  two  week  assessment  of  the 
small  bore  operations.  The  PSMS  is  now  the  permanent  method  for  planning  and  controlling  pipe  spool 
fabrication  in  the  Pipe  Shop.  An  industry  briefing  of  the  implementation  pilot  results  (Del  4.2)  was 
presented  at  the  NSRP  Joint  Panel  meeting  in  New  Orleans  in  December  2007. 

Task  5.0)  Document  results  of  lot-based  nesting  and  lessons  learned  Status:  Complete 

Tasks  5.1  &  5.2)  Collection  of  production  cost  data  on  the  TAKE  Program  was  completed  in 
November  2006.  Analysis  and  cost  comparison  to  baselines  was  completed  and  delivered  in  the 
industiy  report  (Del  5.0)  in  January  2007.  An  industry  briefing  of  this  report  was  also  presented  at  the 
December  2006  NSRP  Joint  Panel  Meeting  in  Savannah. 


Schedule  and  Milestones: 

The  final  project  plan  is  shown  below.  Progress  on  individual  tasks  is  indicated  in  the  final  project 
schedule  (Figure  16)  and  project  major  milestones  are  listed  in  Table  1. 
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Figure  16  -  Project  Schedule  and  Milestones 
Milestones/  Completion  Criteria 

The  first  key  milestone  was  the  completion  of  the  feasibility  study  at  the  conclusion  of  Task  1.6.  It  was  at 
this  time  that  we  decided  on  the  specific  model  that  would  be  further  developed  for  the  dynamic  pipe 
nesting  application  and  process.  Our  original  draft  specification  reflected  a  model  which  was  mainframe- 
based  and  driven  by  our  MRP  system  (MAC-PAC).  This  was  the  model  that  was  previously  successfully 
deployed  in  our  automated  profile  fabrication  center.  The  initial  information  that  we  had  on  KSC’s 
nesting  model  was  that  it  was  Windows-based  and  not  specifically  controlled  by  a  high  level  MRP 
system.  This  insinuated  a  more  flexible  type  of  nesting  application,  but  it  may  have  had  significant 
limitations  in  our  type  of  ship  construction  environment.  The  feasibility  analysis  would  determine  the 
direction  that  our  development  effort  would  take. 

The  second  key  milestone  was  the  release  of  the  developed  application  software  for  production 
implementation  on  the  T-AKE  Program.  This  event  marked  the  point  in  time  when  production  cost 
savings  to  the  Program  would  begin  to  accrue. 

The  third  key  milestone  was  the  completion  of  the  pilot  implementation  and  the  production  cost  data 
collection  during  the  pilot  timeframe.  It  is  at  this  point  that  we  would  be  able  to  assess  and  communicate 
the  actual  results  of  the  implementation  of  this  new  technology  to  the  industry. 
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Milestone  Number  and 
Description 

Completion  Criteria 

Metric  for  Go/No-Go  Decision 

MS  1  -  Decision  point  on  dynamic 
nesting  model 

Feasibility  study  completed;  team 
recommendation  to  management  to 
proceed 

Nesting  model  defined  that  meets 
criteria  for  production  application 

MS  2  -  Release  of  dynamic  nesting 
application  and  process 

Software  applications,  interfaces 
and  databases  completed,  tested  and 
validated.  Operating  processes 
defined. 

Validation  testing  confirms  shop 
data  downloaded  without  errors. 

Nest  &  work  package  file  data 
accuracy  >95% 

MS  3  -  Pilot  implementation  and 
performance  analysis  complete 

Pipe  spoofs  for  TBD  target  blocks 
completed  through  fabrication.  Pipe 
Shop  performance  and  cost  data 
collected  and  reduced. 

N/A 

Table  1-  Key  Project  Milestones 


4.  Technology  Transfer  Status: 

Throughout  the  course  of  this  project,  industry  briefings  and  publicly  accessible  deliverable  reports  were 
produced.  Briefings  were  conducted  at  NSRP  Joint  Panel  Meetings  to  ensure  the  broadest  transfer  of 
information  to  LJ.S.  shipyards.  Briefing  events  included  the  following: 

•  December  1 2,  2006:  NSRP  Joint  Panel  Meeting  -  Savannah,  GA 

Industry'  briefing  on  NASSCO’s  Material  Flow  Improvement  and  Lot-Based  Plate  Nesting  Project. 
Details  of  the  project  plan  and  execution  were  presented,  as  well  as,  a  discussion  of  the  business  case 
for  the  effort  and  a  summary  of  the  resulting  effects  on  production  costs,  efficiencies  and  value 
streams. 

•  December  13,  2006:  NSRP  Joint  Panel  Meeting  -  Savannah,  GA 

Industry  briefing  on  the  PSMS  Implementation  Plan.  The  project  concept  and  system  and 
implementation  requirements  were  detailed  for  the  attending  industry  members. 

•  December  12,  2007:  NSRP  Joint  Panel  Meeting  -  New  Orleans,  LA 

Industry  briefing  of  the  implementation  pilot  results  (Deliverable  4.2)  was  presented  detailed  for 
attending  industry  members. 

5.  Implementation  Status: 

The  Pipe  Shop  Management  System  developed  under  this  CNST  funded  project  is  now  fully  implemented 
in  GD  NASSCO’s  Pipe  Shop  operations. 

During  the  time  period  of  this  development  work,  GD  NASSCO  management  made  a  decision  to  open  a 
new  Pipe  Shop  facility  in  our  wholly  owned  subsidiary  company  -  TIMSA.  The  pipe  spool  fabrication 
planning  and  production  control  process  at  TIMSA  will  be  controlled  by  the  Pipe  Shop  Management 
System.  Initial  planning  for  system  modifications  required  to  implement  the  PSMS  at  TIMSA  and  a 
rollout  plan  are  in  work.  The  target  for  production  implementation  at  TIMSA  is  June  2008. 

References: 

1)  Deliverable  1 .0:  Evaluate  Dynamic  Nesting  Processes  -  Feasibility  Analysis;  June,  2006 

2)  Deliverable  3.0:  Design  Specification  -  Software  Design  Report;  May  2007 

3)  Deliverable  5.0:  Document  Result  of  Lot  Based  Plate  Nesting;  January,  2007 
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